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INTRODUCTION 
The IV International Conference on Linear Algebra and Applications was 
held from 28-30 September 1987 at the Universidad Politecnica de Valencia, 
Spain. This Conference belongs to a cycle organized by Portuguese and 
Spanish mathematicians. The others were held in Coimbra, Portugal in 1982 
and 1984, and Vitoria, Spain in 1983. The fourth Conference was sponsored 
mainly by The Comission Asesora de Investigation Cientifica y Tecnica of 
Spain and Conselleria de Cultura, Educaci6n y Ciencia de la Gene&dad 
Valenciana. 
At the Conference there were more than two hundred participants from 
Spain, Portugal, the U.S.A., West Germany, Italy, India, France, Israel, 
Poland, the U.K., Belgium, The Netherlands, Canada, Finland, Greece, 
Ireland, Norway, Hungary, Czechoslovakia, and Austria. There were three 
special one-hour Plenary Conferences given by H. Schneider (Opening 
Conference), G. Golub, and C. W. Gear, and fourteen 45-minute Plenary 
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Conferences. There were also thirteen 30-minute Sessions concentrating on 
numerical linear algebra in control theory, signal processing, and matrix 
theory and applications given by different specialists. Further, there were 
more than one hundred 15-minute contributed talks, some of which appear in 
this Report. 
There were also other social activities, including a sightseeing tour of the 
city and a Conference banquet. In addition, the Conference provided an 
opportunity for a meeting of the international board of IMG/Tilac-the 
International Matrix Group/the International Linear Algebra Community 
(which has now been renamed as the International Linear Algebra 
Society-ILAS). 
PLENARY CONFERENCES 
S. Bittanti 
B. N. Datta 
J. M. Dion 
P. J. Eberlein 
C. W. Gear 
G. Golub 
C. R. Johnson 
T. Kailath 
M. Neumann 
N. K. Nichols 
Politecnico di Miluno, Italy 
Structural properties of linear periodic systems. 
Northern Illinois University, DeKalb 
Large-scale and parallel computations in control and 
systems. 
Laboratoire d ‘Autotnatique de Grenoble, France 
Feedback invariants of linear systems-applications 
to decoupling. 
State University of New York, Buffaalo 
One-side Jacobi methods for parallel computation. 
University of Illinois, Urbana 
Differential-algebraic equations. 
Stanford University 
Modified singular-value problems. 
College of William and Mary, Williamsburg 
Matrix completion problems: Solved and unsolved. 
Stanford University 
Some new applications of matrix displacement struc- 
ture. 
University of Connecticut, Storrs 
Precise domains of convergence for the block SSOR 
method associated with p-cyclic matrices. 
University of Reading, United Kingdom 
Robustness and linear system design in state space. 
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R. J. Plemmons 
v. Pmk 
H. Schneider 
F. Uhlig 
P. Van Dooren 
H. Wimmer 
I. Zaballa 
North Carolina State University, Raleigh 
Parallel factorization schemes for minimizing a sum 
of Euclidean norms. 
cekoslovenska Akadernie Ved ., Czechoslovakia 
Intertwining relations. 
University of Wisconsin, Madison 
Some results on diagonal scaling of matrices. 
Auburn University 
A matrix-theoretical approach to linear control. 
Philips Research Laboratory, Brussels, Belgium 
Eigenstructure methods in linear systems theory. 
Wuvrburg University, West Germany 
Bezoutian of polynomials and of polynomial matrices. 
Universidad de1 Pais Vasco, Spain 
Majorization and interlacing inequalities in invariant 
factors assignment problems. 
(I. Gohberg, Tel Aviv University, Israel, and E. Marques de Sk, Universidade 
de Coimbra, Portugal, invited speakers, were unfortunately unable to attend.) 
SPECIAL SESSIONS 
G. Ammar 
G. Barker 
H. Bart 
A. M. Bruckstein 
A. Bunse-Gerstner 
W. B. Gragg 
Northern Illinois University, DeKalb 
Numerical experience with a real superfast Toeplitz 
solver. 
University of Missouri, Kansas 
Automorphism groups of algebras of triangular 
matrices. 
Erasmus University, Rotterdam, The Netherlands 
Complementary triangularization of pairs of matrices. 
Technion - Israel Institute of Technology, Israel 
Inverse scattering and matrix factorization algo- 
rithms. 
University of Bielefeld, West Germany 
Structure-preserving numerical method for the alge- 
braic Riccati equation. 
University of Kentucky 
The block Amoldi process for isometric linear opera- 
tors. 
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D. Hershkowitz 
R. Loewy 
J. Maroulas 
Technion - lsrael Institute of Technology, Israel 
Recent results in matrix stability. 
Technion - Israel Instituute of Technology, Israel 
Linear transformations which preserve or decrease 
rank. 
Athens School of Economic and Business Studies, 
Greece 
V. Mehrmann 
R. Mennicken 
M. Tismenetski 
G. Verghese 
An approach to the partial realization problem: Mini- 
mality and realization. 
University of Biekfeld, West Germuny 
The linearquadratic control problem. 
University of Regensburg, West Germuny 
Equivalence of boundary eigenvalue operator func- 
tions and their characteristic matrices. 
IBM Scientific Center, Haifa, Israel 
Linear equation in block-companion matrices. 
Massachusetts Znstitute of Technology 
Subspace methods in chemometrics. 
(L. Rodman, Arizona State University, an invited speaker in the special 
sessions, was unfortunately unable to attend.) 
CONTRIBUTED TALKS 
H. Abou-Kandil 
L. Jodar 
C. Alvarez 
D. Azenhas 
F. Ballesteros 
F. Arriaga 
J. A. Garcia 
Laboratoire des Signuux et Systemes, GifSur-Yvette, 
France 
Universidad Politecnica de Vale&a, Spain 
An eigenvector solution for one-leader-many-fol- 
lowers linearquadratic Stackelberg games. 
Universidad Politecnica de Valencia, Spain 
Large-scale linear systems: Application in power-sys- 
tem analysis. 
Universidade de Coimbra, Portugal 
Littlewood-Richardson sequences and sequences of 
p-matrices. 
Unioersidad Politecnica de Madrid, Spain 
The load-frequency control problem: A new decen- 
tralized approach via expansion-contraction. 
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B. Banasiewicz 
I. Baragaiia 
J. Basto Goncalves 
N. Bebiano 
M. E. Miranda 
G. N. de Oliveira 
J. da Providkcia 
M. A. Beitia 
I. Zaballa 
A. Benzaouia 
C. Burgat 
M. Bisiacco 
E. Fomasini 
G. Marchesini 
R. Bru 
V. Hemandez 
J. Chen 
J. Vandewalle 
B. De Moor 
N. Chondros 
J. Maroulas 
J. Cidras 
A. Ollero 
B. Codenotti 
F. Romani 
M. da Graqa Marques 
Politechnika Warszawa, Poland 
Isomorphic and homomorphic models of real systems 
of nth order. 
Uniuersidad de1 Pais Vasco, Spain 
Interlacing inequalities for invariant homogeneous 
factors of regular pencils. 
Universidade do Porte, Portugal 
Local controllability along a reference trajectory. 
Universidade de Coimbra, Portugal 
On the c-determinantal range of a matrix. 
Universidad de1 Pais Vasco, Spain 
Factorization of the matrix polynomial A(X) = A,X 
+ A,Xf-’ + ... + A,. 
Laboratoire D ‘Automatique et d ‘Analyse des 
SystJmes du Toulouse, France 
Existence of nonsymmetrical stability domains for 
linear systems. 
Universith. di Padova, Italy 
2D systems compensators: An approach based on 
commutative linear transformations. 
Universidad Politecnica de Valencia, Spain 
Structural properties of discrete-time linear periodic 
positive systems. 
Katholieke Universiteit Leuven, Belgium 
ARMA spectral estimation by an adaptive IIR filter. 
Athens School of Ecorwmic and Business Studies, 
Greece 
Some properties of the Riesz projector for regular 
matrix polynomials. 
Universidad de Santiago de Compostela, Spain 
Algorithms for optimal inversion of perturbed sparse 
matrices. 
Zstituto di Elab. della Znfonnazione, Pisa, Ztaly 
Error analysis of Newton method applied to parallel 
inversion of matrices. 
Universidade de Lisboa, Portugal 
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G.N. De Oliveira 
M. R. da Silva 
M. de la Sen 
M. de la Sen 
B. De Moor 
J. Vandevalle 
S. de Vicente 
P. Juncosa 
F. Dias D’Almeida 
J. Duato 
A. 1. Durand-Alegria 
J. Lopez-Sanchez 
A. Perez de Vargas 
T. Eirola 
0. Nevanlinna 
D. J. Evans 
C. Li 
E. Fernandes 
L. Femandez 
M. Alvarez 
Universidade de Coimbra, Portugal 
On the eigenvalues of stochastic matrices. 
Universidade do Pm-to, Portugal 
An operational approach to the numerical solution of 
T-approximation problems in differential equations 
with polynomial coefficients. 
Universidad de1 Pais Vasco, Spain 
Algebraic conditions of existence and stability for the 
design of controllers for interconnected multivariable 
linear systems. 
Universidad del Pais Vasco, Spain 
On the extension of Rosenbrock’s theory in algebraic 
design of multivariable controllers. 
Katholieke Universiteit Leuven, Belgium 
A new geometrical algorithm for the generalized 
linear complementarity problem. 
Universidad Politecnica de Madrid, Spain 
A source inverse problem for elliptic equations. A 
geometric approach. 
Universidade do Porte, Portugal 
The use of the Sylvester equation in the refinement 
of multiple eigenvalues. 
Universidad Politecnica de Valencia, Spain 
Parallel triangularization of a sparse matrix on a 
binary iVcube multiprocessor using fast Givens rota- 
tions. 
Universidad Complutense de Madrid, Spain 
Zygotic algebras for twelinked loci with sexually 
different recombination and mutation rates. 
Helsinki University of Technology, Finland 
Accelerating with rank-one updates. 
Luughborough University of Technology, United 
Kingdom 
A note on the %Block SOR method for solving the 
large sparse least-squares problems. 
Universidade do Minho, Portugal 
Performance of a preconditioned conjugate-gradient 
algorithm for optimization problems. 
Uniuersidad Politecnica de Madrid, Spain 
Computation of singular values of transfer functions. 
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K. H. Forster 
K.-H. Fijrster 
B. Nagy 
L. G. Franquelo 
A. Gomez 
A. Torralba 
F. Fujimoto 
C. Herrero 
F. Garcia 
A. Femandez 
M. Gasca 
J. J. Martinez 
C. A. Giannakopoulos 
N . Karcanias 
S. Gonzaez 
, 
KYYonzalez 
M. Martinez 
A. R. Carrera 
M. C. Gouveia 
J. M. Gracia 
I. de Hoyos 
I. Zaballa 
J. M. Gracia 
I. de Hoyos 
I. Zaballa 
J. M. Gracia 
M. J. Sodupe 
C. Grafulla 
Technical University of Berlin, West Cennany 
Nonnegative solutions of equations with nonnegative 
matrices. 
Technical University Berlin, F. R.G. 
University of Technology, Hungary 
On the Collatz-Wielandt numbers and the local spec- 
tral radius of a nonnegative matrix. 
Vniversidad de Se&u, Spain 
Parallel solution of linear systems of equations. Ap- 
plication to the power flow problem. 
University of Kagawa, Japan 
Vniversidad de Alicante, Spain 
The Perron-Frobenius theorem for set-valued map- 
pings. 
Universidad de De&o, Spain 
Vniversidad de1 Pak Vasco, Spain 
K-Order base of B-spline vectors. Use in interpola- 
tion. 
Vniversidad de Zaragoza, Spain 
On the computation of determinants arising in some 
bivariate rational interpolation problems. 
The City University of London, United Kingdom 
Pole assignment by dynamic output feedback: An 
exterior algebra-based approach. 
Universidad de Zaragoza , Spain 
On reticular properties of a baric algebra. 
Vniversidad de1 Pais Vasco, Spain 
Application of semigroup theory to the norm evalua- 
tion of probability measures. 
Vniversidade de Coimbra, Portugal 
Generalized inverses of Hankel and Toeplitz matrices. 
Vniversidad de1 Pais Vasco, Spain 
Jordan structure of a pair of matrices. 
Vniversidad de1 Pa6 Vasco, Spain 
Perturbation of linear control systems. 
Universidad de1 Pais Vasco, Spain 
l,-unitary matrices. 
Vniversidad de1 Pais Vasco, Spain 
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E. Uranga 
L. Grandinetti 
H. Gropp 
R. Guti&rez 
J. A. Hermoso 
R. Gutierrez 
M. J. Valderrama 
V. Hernandez 
M. Gasso 
V. Hernindez 
A. M. Urban0 
C. Herrero 
A. Villar 
T. Fujimoto 
D. Ho 
L. R. Fletcher 
L. Jodar 
H. Abou-Kandil 
L. Jodar 
A. Hervas 
Method for the minimization of product costs in the 
cement industries. 
Universitci della Calabria, Italy 
A differential embedding technique for nonlinear op- 
timization capable of an algebraic formulation. 
University of Heidelberg, West Germany 
Orbital matrices-A combinatorial aspect of linear 
algebra. 
Universidad de Granada, Spain 
An application of zonal polynomials to the generation 
of probability distributions. 
Universidad de Granada, Spain 
Discussion of two procedures for expanding a 
vector-valued stochastic process in an orthonormal 
way. 
Universidad Politecnica de Valencia, Spain 
Explicit solution of the matrix equation 
AXB + CXD = E. 
Universidad Politecnica de Valencia , Spain 
Incomplete controllability and pole shifting of dis- 
crete-time linear periodic systems. 
Universidad de Alicante, Spain 
University of Kagawa, Japan 
General Leontief models in abstract spaces. 
University of Strathclyde, United Kingdom 
University of Salford, United Kingdom 
Some perturbation results on output feedback pole 
assignment. 
Universidad Politecnica de Valencia, Spain 
Laboratoire Signaux et Systemes, GifSur-Yvette, 
France 
Kronecker products and coupled matrix Riccati dif- 
ferential systems. 
Universidad Politecnica de Valencia, Spain 
On the second-order Euler operator differential equa- 
tion. Explicit solutions, approximate solutions, and 
error estimate. 
Universidade de Coimbra, Portugal 
Universidade do Porte, Portugal 
Solution of linear complementarity problems with 
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N. Karcanias 
D. R. Wilson 
N. Karcanias 
G. Kalogeropoulos 
G. Kern 
G. M. Krause 
U. Krause 
A. Leal Duarte 
C. Lema 
A. D. Tarrio 
M. J. Varea 
A. Lepschy 
G. A. Mian 
U. Viaro 
T. P. Lima 
J. C. N. Climaco 
J. Vit6ria 
J. I. Llorente 
R. AvilCs 
M. B. Ajuria 
E. Amezua 
J. J. Loiseau 
F. Marcellan 
I. Rodriguez 
G. Marro 
tridiagonal P-matrices by Bard-type methods. 
The City University of London, United Kingdom 
Decentralized diagonal dynamic stabilization of lin - 
ear multivariable systems. 
The City University of London, United Kingdom 
University of Athens, Greece 
Projective equivalence of homogeneous binary poly- 
nomials. 
Technische Universit& Graz, Austria 
Stabilizability of systems with exponential di- 
chotomy. 
University of Biekfeld, West Germany 
Estimating the eigenvalue variation. 
University of Bremen, West Germuny 
On Sraffa matrices. 
Universidade de Coimbra, Portugal 
Construction of certain Hermitian matrices from 
spectral data. 
Universidad de Santiago de Compostela, Spain 
A problem about algebraic theories. 
Universitci di Padova, Italy 
An alternative proof of the Jury-Marden stability 
criterion. 
Universidade de Coimbra, Portugal 
On the study of differential and difference equations 
using lambda-matrices. 
Universidad de1 Pais Vaxo, Spain 
An acceleration method for the subspace iteration. 
B.E.E.R., E.C.A.N. d’zndret, France 
Relationships between Bnmovsky’s indices and infi- 
nite zero orders of a linear system. 
Universidad Politecnica de Madrid, Spain 
Universidad de Oviedo, Spain 
A class of matrix orthogonal polynomials on the unit 
circle. 
Universitci di Bologna, Italy 
On the robust controlled invariant. 
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J. S. Maybee 
A. Meenakshi 
J. K. Merikoski 
A. Virtanen 
M. Mollar 
S. Mafe 
J. Pellicer 
E. Navarro 
L. Jcidar 
M. T. F. Oliveira- 
Martins 
J. Peiia 
P. Gimenez 
G. Verdu 
J. L. Mtioz-Cobo 
J. E. Perk 
E. Pozo 
F. Caballero 
E. Gutierrez 
A. Arias 
R. Puystjens 
J. F. Queiri, 
B. Reichstein 
P. Rbzsa 
A. Rubio 
A. Rubio 
University of Colorado, Boulder 
Combinatorial matrix theory and spectral problems. 
Annamalai University, India 
Almost definite matrices and linear systems in control 
theory. 
University of Tampere, Finland 
Some notes on de Oliveira’s determinantal conjec- 
ture. 
Universidad de Castilla -La Mancha, Spain 
Universidad de Vakncia, Spain 
Solution of linear equation systems in band storage 
mode. A space-economizer algorithm. 
Universidud Politknica de Valencia, Spain 
On the generalized Riccati equation: Explicit solu- 
tions. 
Universidade de Coimbra, Portugal 
Decomposition of Carter-Lusztig modules. 
Universidad Politecnica de Vale&a, Spain 
Bifurcations and chaotic behavior of second-order 
nonlinear differential equations with periodic 
stochastic driving sources. 
Universidad de Alicante, Spain 
Inverse nonnegative matrices. 
Universidad de1 Pais Vasco, Spain 
Applications and calculation of matrix fractional 
powers. 
R.U.G., Gent, Belgium 
About a recent result in the theory of generalized 
inverses. 
Universidade de Coimbra, Portugal 
s-Numbers of matrices and the separation theorem. 
Catholic University of America, Washington D.C. 
Examples of cubic forms. 
Technical University of Budapest, Hungary 
Band matrices and semiseparable matrices. 
Universiokd o!e Granada, Spain 
An explicit representation of R(z, T), T E B(H), 
normal and compact. 
Universidud de Granadu, Spain 
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J. J. Rodriguez 
J. R. Ruiz Tolosa 
G. Sansigre 
M. Alvarez 
C. Scouamec 
F. Silva Leite 
M. D. Soto 
R. Femandez 
E. Spedicato 
M. Staroswiecki 
P. Vanpeene 
M. C. Chabrin 
E. Stensholt 
B. Subiza 
K. Tchon 
R. C. Thompson 
M. Van Bare1 
A. B&heel 
J. D. Vieira 
J. Vitbria 
Operators with rational resolvent: An explicit repre- 
sentation. 
Universidad de Cantabria, Spain 
Some theorems on symmetric similarity. 
Universidad Politecnica de Madrid, Spain 
Bezoutians and generalized Vandermonde matrices. 
Universit6 de Toulouse, France 
Spectral transformation of the Fontene-Rouchi: theo- 
rem. Application to governability and observability of 
a differential system, and to the construction of the 
change-matrix basis of similarity forms. 
Universidade de Coimbra , Portugal 
Control systems on semisimple Lie groups. 
Universidad de Valludolid, Spain 
Observability of linear positive dynamic systems. 
Zstituto Universitario de Bergamo, Italy 
Generalization of the ABS class for linear systems 
and application to linear least squares. 
Univer& des Sciences et techniques de Lille, France 
C.T. B. ZNSERM, France 
Linear models and programs for the optimization of 
the mechanics of assisted breathing. 
Norges Handelshsyskob, Norway 
Regular matrix polynomials with given spectral data. 
Universidad a% Alicante, Spain 
A proof of the Frobenius theorem by using game 
theory. 
Technical University of Wroctaw, Poland 
On structural instability of normal forms of affine 
control systems subject to static state feedback. 
University of California, Santa Barbara 
The matrix exponential function. 
Katholieke Universiteit Leuven, Belgium 
A matrix Euclidean algorithm for minimal partial 
realization. 
Universidude de Aveiro, Portugal 
Imbedding theorems for A-matrices with partial pre- 
scription of their invariant factors. 
Universidade de Coimbra, Portugal 
Singular and nonsingularizable higher-order differen- 
tial matrix equations. 
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University of Pa&as, Greece 
Coordinated control of two robot arms with a nonin- 
verting algorithm. 
University of Tiibingen, West Germany 
Kirchoff’s laws and diffusion on networks. 
University of Bonn, West Germuny 
On strong r-monotonicity. 
University of Vrije, The Netherlands 
The lower order of triangular operators and minimal- 
rank extensions. 
University of Twente, The Netherlands 
A new constrained Lyapunov-type problem. 
Institute of Atomic Energy, Poland 
The AGA twosweep iterative methods for the solu- 
tion of linear equation systems. 
South-Western Jiaotong University, People’s Repub- 
lic of China 
A new canonical form of the Lur’e control system. 
THE LOAD-FREQUENCY CONTROL PROBLEM: 
A NEW DECENTRALIZED APPROACH VIA 
EXPANSION-CONTRACTION 
by F. BALLESTEROS, F. DE ARRIAGA and J. A. GARCiA’ 
1, Introduction 
The design of every power system tries, as a main object, to supply power 
with fixed values of voltage and frequency. The frequency is determined by 
the relation between the generated and the consumed power. This problem is 
well known as the load-frequency control problem (LFCP) or the automatic- 
generation-control problem. 
The LFCP has been widely treated in the literature. Most of the work can 
be classified in two categories according to the invoked principles: conven- 
tional and optimal theory. Fosha and Elgerd [l] suggested the use of 
linearquadratic optimal-control theory for the LFCP, and this has been 
followed by several authors [2]. 
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